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1. INTRO~LJCTI~N 
In [3] Brauer showed that for a fixed prime number p > 0 and every 
natural number a > 0 there are only finitely many groups G of order 1 GI = 
p’q, (p, q) = 1, such that the principal p-block B, is the only p-block of G. 
It is the purpose of this article to determine the group structure of those 
groups G with one p-block which have a cyclic Sylow p-subgroup D. In 
Theorem 3.1 it is shown that the principal p-block B, of a finite group G 
with a cyclic Sylow p-subgroup is the only p-block of G if and only if D is 
normal in G, and G,,(G) = 1, where O,,(G) denotes the largest normal 
subgroup of G of order prime to p. 
Therefore every non-solvable group G with a cyclic Sylow p-subgroup 
D # 1 has a non-principal p-block B (Corollary 3.2). This is a generalization 
of Ito’s theorem [28] which asserts that every non-solvable transitive 
permutation group G of prime degree p > 5 has a p-block B of defect zero. 
The proof of Theorem 3.1 depends on the classification theorem of the finite 
simple groups. 
Concerning notations and terminology we refer to [ 171 and the books of 
Dieudonne [8], Dornhoff [9], Feit [lo] and Huppert [ 141. 
2. PREREQUISITES FROM GROUP THEORY 
In this section we collect some subsidiary results on the numbers of 
conjugacy clases and of involutions of finite simple groups. 
LEMMA 2.1. The sporadic simple groups G have the following numbers 
k(G) of conjugacy classes: 
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Group Order k(G) 
Mathieu 
Mathieu 
Math&u 
Mathieu 
Mathieu 
Janko 
Janko 
Janko 
Janko 
Higman-Sims 
Suzuki 
McLaughlin 
Rudvalis 
Held 
Lyons-Sims 
O’Nan 
Conway 
Conway 
Conway 
Fischer 
Fischer 
Fischer 
Fischer-Griess 
Monster 
Fischer 
Babymonster 
Thompson 
Harada 
Ml, 
Ml2 
M22 
M23 
M*4 
J, 
J* 
J, 
J4 
HS 
suz 
MC 
Ru 
He 
LYS 
ON 
CO, 
co2 
CO3 
MW 
~(23) 
M(24)’ 
M 
BM 
E 
F 
24.32.5.11 
26 * 33 f 5 * 11 
27.32.5.7. 11 
2’.3*.5.7.11.23 
2 lo. 33. 5. 7. 11 . 23 
23.3.5-7.11.19 
27 . 33 . 52 * 7 
2’ * 35 - 5 * 17. 19 
22’ . 33 . 5 . 7. 11’ . 23 . 29 - 31 + 37 . 43 
29 * 32 * 53 * 7. 11 
2 13.37.52.7. 11 1 13 
2’. 36. 53 * 7. 11 
2 14 .33 . 53 . 7. 13 . 29 
2 10. 33.52. 73. 17 
2’. 3’. 56. 7. 11 131 - 37. 67 
29 * 34 * 5 * 73 * 11 * 19 - 31 
221 . 39 . 54 . 72 4 11 . 13 . 23 
2 18 . 36 . 53 . 7 . 11 . 23 
2 10 . 37 . 53 . 7 . 11 . 23 
2 " . 39 . 52 . 7. 11 . 13 
2 I8 . 3’3 . 52 . 7 . 11 . 13 . 17. 23 
2 21 . 316 . 52 . 7’ . 11 . 13 - 17. 23 . 29 
2 46 . 320. 59. 76. 112. 133. 17. 19. 23 
. 29. 31 . 41 . 47. 59. 71 
2 41 . 3’3 * 56 * 72 * 11 * 13. 17 * 19 
- 23. 31 . 47 
2 15 . 3’0 * 53 ’ 7* a 13. 19 * 31 
214 . 36 . 56 . 7. 11 . 19 
10 
15 
12 
17 
26 
15 
21 
21 
62 
24 
43 
24 
36 
33 
53 
30 
101 
60 
42 
65 
98 
108 
194 
184 
48 
54 
The numbers k(G) of conjugacy classes of the sporadic simple groups G 
are read from their character tables. 
LEMMA 2.2. The exceptional simple Chevalley groups over finite fields 
GF(q) have the following numbers of conjugacy classes of involutions: 
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Group Order q even q odd 
Steinberg ‘D,(q) 4’*(q8 + q4 + l)(q6 - l)(q2 - 1) 
Dickson G,(q),q>2 q6(q6 - l)(q* - 1) 
2 
2 
Chevalley F,(q) 
Dickson E,(q) 
Steinberg *E6(q) 
Chevalley E,(q) 
Chevalley E,(q) 
Suzuki Wd 
Ree *G(q) 
Ree *F,(q) 
Tits *h(2)’ 
- .- 
q24(q12 ’ .- - l)(q8 -‘l)(q6 - l)(q2 - 1) 4 
$13vq1* - l)(q9 - l)(q8 - l)(q6 - 1) 
@I5 - %?* - 1) 3 
$?36(41* - l)(q9 + l)(q8 - 1) 
@I6 - l)(q5 + w?* - 1) 3 
$q63(q18 - l)(q14 - l)(q’Z - 1) 
(4O - l)(q8 - l)(q6 - l)(q2 - 1) 5 
q’*O(qjo- l)(q24- l)(qZO- l)(q’8- 1) 
(d4- 1)(d2- 1)(q8- l)(q2- 1) 4 
q*(q* + l)(q - l), where q = 2*“+’ 1 
q3(q3+l)(q-l),whereq=3*“+‘,n>l - 
412(46 + WI4 - l)(q3 + l)(q - I), 
whereq=2*“+‘andn> 1 2 
2’1(26 + 1)(24 - 1)(23 + 1) 2 
1 
1 
2 
2 
2 
3 
2 
- 
1 
- 
- 
whered,=(3,q-1),d2=(3,q+1),andd3=(2,q-1). 
Proof. Concerning the numbers i(G) of conjugacy classes of involutions 
of the exceptional Chevalley groups defined over fields GF(q) of even order q 
we refer to the article [ 1 ] by Aschbacher and Seitz and to the character table 
of the Suzuki groups Sz(q); see [5]. 
By Ward [25] we know that the Ree groups *G,(q) have one conjugacy 
class of involutions. Fong and Wong [ 11, p. 1531 have shown that 
i[G,(q)] = 1 = i[3D4(q)]. F rom Ree [21] follows that the Chevalley groups 
F4(q) and E,(q), and the Dickson group E,(q) all have 2 conjugacy classes 
of involutions. By Iwahori [ 15, p. 2941 it is known that i[E,(q)] = 3. Finally 
Lemma 1.1 of Phan [20] asserts that there are precisely two conjugacy 
classes of involutions in *E,(q). 
3. A CRITERION FOR THE INDECOMPOSABILITY 
OF A GROUP ALGEBRA 
In the following, G will always be a group of finite order (GI = p”q, 
(p, q) = I, where p denotes a fixed prime number. 
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Let (F, R, K) be a p-modular system for G, where F = R/rrR is a field with 
characteristic p > 0 and K is the quotient field of the complete discrete rank 
one valuation ring R with maximal ideal max(R) = I~R, and characteristic 
char(K) = 0. If F and K are splitting fields for G and all its subgroups, then 
(F, R, K) is called a splitting p-modular system for G. 
The block B, of the group algebra FG containing the trivial FG-module I 
is called the principal block of G. It is the only block of G if and only if the 
group algebra FG is indecomposable as a two-sided ideal of FG. 
The main result of this article is the following criterion for the indecom- 
posability of the group algebra FG. 
THEOREM 3.1. Let G be a finite group with a cyclic Sylow p-subgroup 
D # 1. Then the principal block B, is the only block of G if and only if0 is a 
normal subgroup of G and O,,(G) = 1. 
Proof: If D Q G, then G is p-solvable. Thus O,,(G) = 1 implies B, = FG 
by Fong’s theorem [ 10, p. 5291. 
In order to show the converse we assume that G is a counter-example of 
minimal order. As B, = FG we also may assume that F and K are splitting 
fields for G by Corollary 12.12 of [ 171. 
Let H = No(D), and let b, be the principal block of H. As B, = FG, 
Brauer’s first main theorem [9, p. 3591 asserts that b, = FH. Since H is p- 
solvable, O,,(H) = 1 by Fong’s theorem [ 10, p. 5291. Hence C,(D) < D. 
Let Y # 1 be a proper subgroup of D, and N = N,(Y). If b is a block of N 
with defect group D, , then the normal p-subgroup Y of N is contained in D, , 
and Y < D, <D. Therefore C,(D,) < C,(Y) < N. By Theorem (2E) of 
Brauer [2, p. 281 B = bG exists. Thus B = B,, and b is the principal block of 
N by Brauer’s third main theorem [3, p. 1571. Then either G = N = N,(Y) or 
D,=DaN. 
In the first case, Y is normal in G. Let r: FG -+ F[G/Y] be the canonical 
F-algebra epimorphism. As B, = FG, Corollary 7.4 of [ 181 asserts that 
GJ = F[ WI is indecomposable. Since 1 G/Y1 < ] G], it follows that 
D/Y a G/Y, and so D 4 G, a contradiction. 
Therefore D, = D a N. Hence N = N,(Y) = N,(D) = H for every 
subgroup 1 # Y Q D. Let C = C,(Y). Then C/D is a p’-group of 
automorphisms of the p-group D which acts trivially on the socle n,(D) 
of D. Hence C/D = 1 by Theorem 2.4 of Gorenstein [ 12, p, 1781. Therefore 
C,(y) = D for every 1 # y E D. In particular, each p-singular element 1 # 
g E G is a p-element, D is a TI-subgroup, and H = N,(D) is a Frobenius 
group. As D a] G, Theorem 7.9 of [ 14, p. 361 asserts that 
IGI = p’t(l +xp”) (*> 
for some positive integer x, where t = I H/D ], and ] D I = pa. 
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Let s = (p” - 1)/t. Since B, = FG, Brauer’s theorem [9, p. 2961 and 
Dade’s theorem [9, p. 4201 imply that G has t + s conjugacy classes, t of 
which are p-regular, and s are p-classes. 
For every conjugacy class C = cc let C = CyEc u be its class sum. 
By Dade’s theorem we also know that G has t non-exceptional ordinary 
irreducible characters xi, 1 < i < t, and s exceptional ordinary irreducible 
characters xi, 1 < j < s. The s exceptional ordinary irreducible characters of 
the Frobenius group H are denoted by Aj, 1 < j ( s. 
For each ordinary irreducible character xh of G let e,, be its block idem- 
potent of KG, and let ,u, be the corresponding linear character of the center 
ZKG of KG into K. Then by [ 10, pp. 252,209] 
XhU) 
eh = JGJ ZG XhW’)Z~ 
for each conjugacy class C = cc. 
Since B, = FG, for each conjugacy class C = cc 
/lb(d) ql,(C) = (Cl J+ = ICI mod TCR 
by [ 10, p. 2171, where x, = 1, denotes the trivial character of G. 
Suppose that s = (p” - 1)/t > 1. Then Theorem 1 of Sibley [22] asserts 
that the exceptional characters xi of G and the exceptional characters A,i can 
be indexed such that 
and 
Xj( 8) = ‘j’j( g> for all 1 # g E D, 
Xj( 1) 3 SjAj( 1) mod RR, 
where Sj = fl are the signs associated with the exceptional characters of 
B, = FG. Hence for each 1 < j < s we have 
where Go denotes a set of representatives of the p-regular conjugacy classes 
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zG, 1 # z E G, and where 
singular conjugacy classes 
Do denotes a set of representatives of the s p- 
zG, 1 # z E G. Therefore 
IGl=Xj(1)2 + y lzGIXj(z-')Xj(z)+ x lzGIXj(z-')X,j(z>~ 
ZEGO LED0 
Since each p-singular element g E G is a p-element, (zG I= 0 mod p” for 
each z E Go. From (*) and C,(z) = D for each 1 # z E D follows that /zGI = 
t + txp” = t mod p’. Modulo nR we therefore obtain the congruence 
o=:j(l)’ + x txj(z-‘)xj(z) 
ZEDO 
=S(l)’ + 2 6j2Aj(Z ‘) Aj(Z) = t* - 1, 
l#zeD 
because all the exceptional ordinary irreducible characters lj of the 
Frobenius group H have degree S(1) = t by [ 14, p. 5611. 
Hence t E f 1 mod p. By Dade’s theorem t divides p - 1. Thus either t = 1 
or t=p- 1. 
If t = 1, then B, = FG implies that G is p-nilpotent by Corollary 3 of 
Brauer [3]. As O,,(G) = 1 we get G = D, a contradiction. Therefore t = 
p - 1, and p # 2. Another application of Dade’s theorem (see [ 10, p. 3271) 
yields a = 1. Thus ] D ( = p. From (*) now follows 
IGI = P(P- 1X1 +xP). (**I 
Furthermore, G has precisely p ordinary irreducible characters xi. By 
Theorem VI.2.14 of Feit [lo] they have degrees xi( 1) = f 1 mod p for i = 
1 ) 2,. . . ) p. 
Suppose that G is not simple. As B, = FG, we have O,,(G) = 1. Therefore 
the order of each proper normal subgroup T # 1 of G is divisible by p, and 
(p,lG:T()= 1. H ence by (**) we may assume that D < T. From C,(x) = D 
follows C,(x) = D for all 1 # x E D. Thus the principal p-block of T is the 
unique p-block of T with positive defect. Since D is not normal in T, and 
] Tj < 1 G], there is a p-block B of T having defect zero. Let M # 0 be a 
simple B-module. Then M is a projective FT-module. As p f I G: T1, a 
Maschke type argument shows that MC is a semi-simple projective FG- 
module. Thus G has a p-block of defect zero, a contradiction! Therefore G is 
simple. 
Since ]H] = p(p - l), there is an involution 1 # z E H. As C,(x) = D for 
all 1 # x E D, each element x # 1 of D is real, and I C,(x)] = ] D I = p is odd. 
Therefore by Lemma 4A of Brauer and Fowler [4] all involutions u # 1 of G 
transforming x into xP ’ are conjugate in G, and belong to the conjugacy 
class zG. 
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Suppose that a’ is another conjugacy class of involutions of G. Then no 
element 1 #x E D is mapped on its inverse by any conjugate of u. 
Furthermore, p f ] C,(u)] because D is self-centralizing and uG n zG = 0. 
Therefore Theorem 5E of Brauer and Fowler [4] asserts that G has ap-block 
B of defect zero, which is a contradiction to B, = FG. Therefore G has only 
one conjugacy class of involutions, namely, zG. 
For 1 # x E D let p(x) be the number of ordered pairs (u, v) of involutions 
of G such that au = x. Then p(x) = p by Lemma 1.5 of [ 12, p. 303 1. 
Therefore Brauer’s group order formula [ 12, p. 3 15 ] implies 
IGI ‘1 Xi(z)2 XiCx) 
p=B(x)= /CG(Z)12 ,;* Xi(l) * 
Let c = ] C,(z)]. Then we get 
c2 = 2 Xi(Z)2 . IGI X,(x> = \“- Xi(Z)2 *j&(C), 
i= I P ‘Xi(l) ,?, 
where C = zG, and pi is the linear character of ji. Since B, = FG, we have 
pi(x) 3 Ix’ I mod nR for i = 1,2,..., p. Therefore 
c2 = 5 Xi(Z)2 [XC1 
i=l 
mod RR. 
As z is an involution, the orthogonality relations imply EYE, xi(z)’ = 
] C,(z)] = c, and thus c2 = c (xc I mod nR. Since (p, c) = 1, we obtain from 
(**) that 
c=Ic,(z)l=IxGIG-l mod nR. (***I 
Using the classification theorem of finite simple groups (see [3, p. 151) and 
the group theoretical results of Section 2, it is now easy to finish the proof. 
Since p # 2 and B, = FG, the simple group G is not isomorphic to any 
alternating group ‘u, by Theorems 7.2, 7.5 and 7.6 of [ 16, pp. 131-1331. 
Furthermore, by Lemma 2.1, G is not isomorphic to any sporadic simple 
group, because the number of conjugacy classes of G is p and divides 1 G I 
by (**I. 
By the classification theorem of finite simple groups G then is a simple 
Chevalley group over a finite field GF(q). From Steinberg’s tensor product 
theorem [24] follows that p is not a divisor of q, because G does not have a 
p-block of defect zero. 
Although the Suzuki groups Sz(q) and Ree groups ‘G,(q) have only one 
conjugacy class of involutions, it follows from their character tables, see 
Burkhardt [5 ] and Ward [ 25 1, respectively, that for each prime number p 
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dividing / Sz(q)l or 1 ‘G,(q)1 to the first power only, these groups have p- 
blocks of defect zero. Therefore G & Sz(q) and G 2 ‘G,(q). Now Lemma 2.2 
asserts that G is not isomorphic to any exceptional Chevalley group over 
fields of even order. If G was isomorphic to a remaining exceptional 
Chevalley group over a field GF(q) of odd characteristic, then either 
G E G,(q) or G z 3D,(q) by Lemma 2.2. 
Now 1 G,(q)1 = q6(q2 - l)*(q* + q2 + 1). Therefore by (**), p divides q4 + 
q* + 1, and p # 3, because 3 is a divisor of q2 - 1. By [ 7, p. 1871, G,(q) has 
two characters c, and c, of degree (1/3)q(q4 + q2 + 1). Hence both 
characters belong to p-blocks Bi of G,(q) of defect zero by Theorem IV.4.20 
of [ 10, p. 2331. This contradiction shows that we are left with the case 
G E 3D4(q). 
Applying now Fong’s and Wong’s theorem [ 111 we get 
c = / C,(z)1 = q4(q2 - l)*(q* + q2 + 1). 
As / 3D4(q)J = q’*(q2 - 1)*(q4 + q* + l)*(q* - q2 + l), p divides q* -q* + 1. 
Thus q*(q* - 1) = q4 - q2 E -1 mod p. Application of (***) now yields 
-1 = qyq* - 1)2(q4 + q2 + 1) E q4 + q2 + 1 mod P, 
from which q2 E 3 mod p, and therefore p = 7 follows. However, 7 is not a 
square in GE;(7), and so 7 = p f (q4 -q* + 1). This contradiction shows 
that also G 2 3D4(q). 
If q is odd, then G is not isomorphic to any finite simple orthogonal group 
R,,+,(q), n > 3, by Lemma 1.2 of Olsson [ 191, because G has only one 
conjugacy class of involutions. By the same reason it follows from Wong’s 
article [27 ] that G is not isomorphic to any simple orthogonal groups 
P*“(q), n > 4, E = f- 1. Applying Lemma (1A) of his article [26] we know 
that the simple sympletic groups PSp,,(q), n > 2, contain at least two 
conjugacy classes of involutions. Thus G & PSp,,(q). 
If q is even, then using the results of Aschbacher and Seitz [ I] we again 
see that G is not isomorphic to any of the simple groups Q,,+,(q), R;,(q), 
PSp,,(q), because they all have more than one conjugacy class of 
involutions. 
By Dieudonne [S] and Aschbacher-Seitz [ 11, G can only be one of the 
following simple groups PSL(2, q), PSL(3, q), PSU(3, q), where q is even or 
odd, or PSL(4, q), q = 5 mod 8 and PSU(4, q), q = 3 mod 8, because all 
other projective special linear groups or unitary groups have more than one 
conjugacy class of involutions. The latter cases are excluded by the same 
argument used in the case of ‘D,(q). If p is a prime dividing IPSU(3, q)j to 
the first power only, then this simple group has a p-block of defect zero by 
Burkhardt [6]. Thus G & PSU(3, q). Now using the character tables of 
Steinberg (231 and Dornhoff 19, pp. 228,235], it is easy to see that also G & 
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PSL(2, q) and G 2 P&5(3, q). This final contradiction completes the proof 
of Theorem 3.1. 
COROLLARY 3.2. If G is a non-solvable finite group with a cyclic Sylow 
p-subgroup D # 1, then G has at least two p-blocks. 
Proof. Since p-solvable groups G with O,,(G) = 1 and cyclic Sylow p- 
subgroups D are solvable, Corollary 3.2 follows immediately from 
Theorem 3.1. 
COROLLARY 3.3 (Ito [28]). If G is a non-solvable transitive permutation 
group of prime degree p 2 5, then G has a p-block of defect zero. 
Proof By Theorem 21.1 of [ 14, p. 6071, the Sylow p-subgroup D of G is 
self-centralizing; i.e., 1 C,(D)1 = 1 DI = p. Thus G has only one p-block of 
positive defect. Hence the assertion of Corollary 3.3 follows from 
Corollary 3.2. 
Remark 3.4. As is well-known, the simple Mathieu group M,, has only 
one 2-block. Therefore Theorem 3.1 cannot be generalized for groups G with 
non-cyclic Sylow p-subgroups. 
ACKNOWLEDGMENTS 
The author would like to thank Professor G. Stroth of the Free University of Berlin for very 
helpful discussions on conjugacy classes and centralizers of involutions of the exceptional 
simple Chevalley groups. The author also is grateful to Professor J. Neubiiser of the 
University of Aachen for having sent copies of the character tables of almost all sporadic 
simple groups. 
REFERENCES 
I. M. ASCHBACHER AND G. M. SEW Involutions in Chevalley groups over fields of even 
order, Nagoya Math. J. 63 (1976), 1-9 1. 
2. R. BRAUER, Zur Darstellungstheorie der Gruppen endlicher Ordnung, II, Math. Z. 72 
(1959), 25-46. 
3. R. BRAUER, Some applications of the theory of blocks of characters of finite groups, I, J. 
Algebra 1 (1964), 152-167. 
4. R. BRAUER AND K. A. FOWLER, On groups of even order, Ann. of Math. 62 (1955), 
565-583. 
5. R. BURKHARDT, cber die Zerlegungszahlen der Suzukigruppen X?(q), J. Algebra 59 
(1979), 421433. 
6. R. BURKHARDT, ijber die Zerlegungszahlen der unit&en Gruppen PSU(3, 2”), J. Algebra 
61 (1979), 548-581. 
7. C. W. CURTIS, Chevalley groups and related topics, in “Finite Simple Groups,” (M. B. 
Powell and G. Higman, Eds.), pp. 135-189, Academic Press, London/New York, 1971. 
188 GERHARD 0. MICHLER 
8. J. DIEUDONNB, “La g&om&rie des groupes classiques,” Springer, Berlin, 197 1. 
9. L. DORNHOFF, “Group Representation Theory,” Parts A and B. Dekker. New York, 1972. 
10. W. FEIT, Representations of finite groups, Lecture Notes, Yale University, New Haven. 
1969. 
11. P. FONG AND W. J. WONG, A characterization of the finite simple groups PSp(4.9). 
G,(q), D:(q), I, Nagoya Math. J. 36 (1969), 143-184. 
12. D. GORENSTEIN, “Finite Groups,” Harper & Row, New York, 1968. 
13. D. GORENSTEIN, An outline of the classification of finite simple groups, Proc. Symposia 
in Pure Mathematics 37 (1980), 3-28. 
14. B. HUPPERT. “Endliche Gruppen, I,” Springer, Berlin, 1967. 
15. N. IWAHORI, Centralizers of involutions in finite Chevalley groups, in “Seminar on 
Algebraic Groups and Related Finite Groups,” Lecture Notes in Mathematics No. 13 1. 
pp. 267-295, Springer, Berlin, 1970. 
16. A. KERBER, Representations of permutation groups, 1, in “Lecture Notes in Mathematics 
No. 240,” Springer, Berlin, 197 1. 
17. G. MICHLER, Blocks and centers of group algebras, in “Lecture Notes in Mathematics 
NO. 246,” pp. 430465, Springer, Berlin, 1973. 
18. G. MICHLER, Green correspondence between blocks with cyclic defect groups, I, J. 
Algebra 39 (1976), 26-51. 
19. J. B. OLSSON, Odd-order extensions of some orthogonal groups, J. Algebra 28 (1974). 
573-596. 
20. K. W. PHAN, On characterizing finite Chevalley groups of type E, and their twisted 
analogs, J. Algebra 32 (1974), 141-151. 
21. R. REE, Classification of involutions and centralizers of involutions in certain simple 
groups, in “Proceedings, International Conference, Theory of Groups, Canberra 1965.” 
pp. 281-301, Gordon and Breach, London, 1967. 
22. D. A. SIBLEY, Finite linear groups with a strongly self-centralizing Sylow subgroup, II, J. 
Algebra 36 (1975), 319-332. 
23. R. STEINBERG, The representations of GL(3,9), GL(4, q), PGL(3.q) and PGL(4.q). 
Canad. J. Math. 3 (1951), 225-235. 
24. R. STEINBERG, Representations of algebraic groups, Nagoya Math. 1. 22 (1963). 33-56. 
25. H. N. WARD, On Ree’s series of simple groups, Trans. Amer. Mafh. Sot. 121 
62-89. 
26. W. J. WONG. Characterization of the finite simple groups PSp,,(q), J. Algebra 14 
531-551. 
27. W. J. WONG, A characterization of finite orthogonal simple groups, J. Algebra 28 
5 18-540. 
28. N. ITO, On transitive simple permutation groups of degree 2p, Math. Z. 78 
453-468. 
1966). 
1970), 
1974). 
1962). 
